We have measured the temperature dependence P(T) of the electron spin polarization of field emitted electrons from a W-EuS-vacuum junction. The shapes of the P(T) curves depend strongly on the annealing temperature of the EuS layer. Annealed at some temperature between 300°C and 600°C the polarization drops to zero at about 16 ± 2 K.
Introduction
For development of a polarized electron source suitable for atomic physics scattering experiments we studied field emission from tungsten tips coated with EuS. It was discovered by N. Miiller et al. [ 1 ] that such electrons can be spin polarized to a high degree. We extended the experimental conditions of MUller et al. to explore the most favorable circumstances under which highly polarized electrons can be obtained. In particular, we made the tip temperature continuously variable from 10 K up to room temperature. We report in this work temperature dependences of the electron spin polarization obtained with different annealing conditions of the EuS layer.
Apparatus
The apparatus consists of three parts: a) field emission system, b) Wien filter, c) Mott scattering polarization detector. The field emission takes place in an ultrahigh vacuum chamber where a pressure lower than 10 -10 torr is maintained during field emission studies. The EuS is evaporated from an oven, which for this purpose can be moved onto the electron optical axis, with the orifice 6 cm in front of the field emission tip. The oven is heated to about 2000°C by electron bombardment. The evaporation time is 2 minutes, and during this process the pressure rises to about 10 -8 tort.
The tip is mounted on a cold finger working on the dynamical flow principle [2] . The tip temperature can be controlled between 10 K and room temperature by regulating the flow of the liquid helium coolant. Higher temperatures, which are used for the annealing process of the EuS layer, can be achieved by resistance heating of the tip-support filament. Above 600°C the thermal glow can be viewed through a telescope; lower 
Results
The measured dependences of the polarization value upon tip temperature are shown in fig. 1 . Curve A was obtained after annealing the tip at some temperature between 300°C and 600°C. It shows a very sharp increase in polarization below the Curie point of pure crystalline EuS, with emission in the 112 directions. As we have shown in ref. [3] , this is accompanied by a drastic increase of the toal emission current. This increase in current does not occur if the freshly evaporated EuS deposit is either not annealed, or annealed at too low a temperature; it disappears at higher annealing temperatures. We did not measure P(T) curves for unannealed EuS layers because the emission is very unstable. In curve B, obtained after several annealing cycles at about 600°C, only one point of the emission pattern shows the current increase, as seen on the fluorescent screen, and the polarization approaches zero at higher temperatures. Curves C and D are two different sets of data showing the temperature dependence of the electron polarization of coatings which have been annealed at approximately 800 ° C. No current increase was observed, and the extension of appreciable polarization to higher temperatures is even more drastic. The polarization values in curves C and D may be even higher because one transverse component of the polarization vector has not been measured.
Discussion
Our explanation of the measured temperature dependences of the spin polarization is based on the resuits of Bayer and Zinn [4] , who measured the temperature dependence of the saturation magnetization of EuS layers. They show that moderate annealing of the freshly evaporated EuS film results in a Curie point of 16.5 K, the Curie point of pure crystalline EuS. The temperature dependence of the saturation magnetization of this species and of our spin polarization, shown in curve A, are very similar. We therefore believe that curve A represents the temperature dependence of the polarization which is characteristic of electron emission from pure crystalline EuS. The polarization dependences of the other curves (B, C, D of fig. 1 ), which look similar to magnetization curves of Bayer and Zinn obtained from EuS layers with disturbed crystal structures, could be attributed to a partial decomposition of the EuS caused by higher annealing temperatures.
